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Abstract Highway construction works have significant 
bearings on all aspects of sustainability. With the increas- 
ing level of public awareness and government regulatory 
measures, the construction industry is experiencing a cul- 
tural shift to recognise, embrace and pursue sustainability. 
Stakeholders are now keen to identify sustainable alterna- 
tives and the financial implications of including them on a 
life cycle basis. They need tools that can aid the evaluation 
of investment options. To date, however, there have not 
been many financial assessments on the sustainability 
aspects of highway projects. This is because the existing 
life cycle costing analysis models tend to focus on eco- 
nomic issues alone and are not able to deal with sustain- 
ability factors. This paper provides insights into the current 
practice of life cycle cost analysis, and the identification 
and quantification of sustainability-related cost components 
in highway projects through literature review, question- 
naire surveys and semi-structured interviews. The results 
can serve as a platform for highway project stakeholders to 
develop practical tools to evaluate highway investment 
decisions and reach an optimum balance between financial 
viability and sustainability deliverables. 
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Introduction 
Sustainability adds a new dimension to the evaluation of 
highway investments. In the infrastructure context, sus- 
tainability means analysing the entire life of a facility, from 
social, economical as well as environmental perspectives 
(List 2007). Traditional priorities on financial justifications 
will need to be jointly considered with sustainability 
endeavours that will impact upon a project for the long 
term (Keoleian et al. 2005). Realising the impetus and 
advantages of pursuing sustainability, some researchers 
start to explore the links between sustainability and high- 
way infrastructure. For example, Huang and Yeh (2008) 
implemented an assessment rating framework for green 
highway projects. Ugwu et al. (2006a, b) outline the 
demand for methods and techniques that can facilitate 
sustainability assessment and decision-making at the vari- 
ous project levels of highway construction. 
Although sustainability is essential for Australian high- 
way development, stakeholders are still very concerned 
with the long-term financial obligations and viability for 
their investments (Koppenjan and Enserink 2009; Engel 
et al. 2013). People believe that sustainability endeavours 
will have an impact on the developmental costs, and 
decisions based solely on acquisition cost may not be the 
best selection in the long run. The potential and cost 
implications of environmental and social dimensions must 
be investigated (Surahyo and El-Diraby 2009; Navabakhsh 
and Tarniz 201 3). 
With the influence of global financial crisis, decision- 
making on highway investment becomes crucial. Funding 
at all levels of government seems inadequate. Private 
investments are increasing. In this context, life cycle 
costing analysis (LCCA) can help explore alternatives. The 
concept of LCCA was firstly applied in highway 
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Table 3 Sustainability-related cost components in highway 
infrastructure 
Sustainability criteria Main cost components 
Agency category Material costs 
Plant and equipment costs 
Major maintenance costs 
Rehabilitation costs 
Social category Road accident- internal costs 
Road accident- economic value of damage 
Environmental category Hydrological impacts 
Loss of wetland 
Disposal of material costs 
Cost of barriers 
the agency-related cost components, for example, the 
application of Highway design and maintenance standard 
model version 4 to quantify costs associated with con- 
struction and maintenance activities. There are a number of 
reasons for the lack of standard calculation methods for 
socially and environmentally related cost components. For 
example, there are no published calculation methods or 
models in dealing with these cost components; and they are 
too difficult to convert into real dollar value. Instead, these 
costs are often classified as external costs or wrap-up costs. 
For example, waste management costs are deemed as part 
of the construction costs. 
There are three main challenges to the integration of 
sustainability-related cost components into LCCA prac- 
tice-(a) the limited capacity of existing LCCA models; 
(b) poor quality of assumptions and data when dealing with 
sustainability costs; and (c) difficulties of examining long- 
term community and environmental issues and costs. 
The interviewees of this research suggested the possible 
ways to improve the consideration of sustainability issues 
in LCCA practice. Multi-criteria evaluation and decision- 
making may help identify social and environmental effects 
therefore associated costs in highway infrastructure pro- 
jects. Practical knowledge and past experiences may sig- 
nificantly contribute to the enhancement of sustainability in 
Material 
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Major Maintenance 
Rehabilitation 
/ 
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I 
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\ Sustainabilitv enhancement for LCCA practice . 
Further development of tools that integrate social, 
environmental and micro-economic dimensions I 
Extend the system boundaries by complementing LCC- I 
oriented tools 
Improve the understanding of socially and 1 
environmentally related decision-making through multi- . 
criteria decision support approach. I 
Industrv practice 
of LCCA 
aa~lication 
Industry 
recognition of 
LCCA 
The theoretical 
and historical 
data of LCCA 
Government 
guidelines and 
reports 
Challenges of integrating cost 
related to sustainability 
measures 
The inclusion/ exclusion of 
social and environmental 
costs 
A monetary value 
Decision-making under 
uncertainty situation 
Business and political 
influences 
Uncertainties evaluation 
techniques 
Fig. 1 Platform of overall scenario of long-term financial management in highway infrastructure 
n Q springer 
Assessment Methods for Cost Components 
Fuzzy AHP 
Qualitative components 
LCCA 
Quantitative components 
Final Decision Making Process 
Sensitivity Analysis 
Model Validation 
Int. J. Environ. Sci. Technol. 
LCCA. More specific and in-house developed tools will 
also help in this respect. 
Based on the processes of this research and findings 
from the surveys, a platform depicting the overall scenario 
of long-term financial management with sustainability 
objectives in highway infrastructure development can be 
established as shown in Fig. 1. 
Using this platform, the research reported here advances 
onto the next stage-the development of a decision support 
model that incorporates fuzzy analytical hierarchy process, 
LCCA and sensitivity analysis. The on-going work aims to 
produce a procedure driven tool that can guide decision- 
makers to contemplate financial positions of embedding 
sustainability initiatives into highway projects. 
Conclusion 
The pursuit of sustainability in highway development can 
have long-term financial implications to the stakeholders 
involved. By understanding the current issues and critical 
cost components related to sustainability endeavours, we 
can develop and articulate strategies to improve and 
encourage the enhancement of highway infrastructure's 
long-term financial positions, while maximising sustain- 
ability deliverables. Feedbacks from the industry practi- 
tioners confirmed the importance of sustainability-related 
costs and suggest that highway investment decisions use 
scientific and systematic approaches such as the LCCA, 
particularly in dealing with sustainability issues. The 
authors propose a platform of LCCA considerations to 
assist practitioners' harness the various financial manage- 
ment scenarios and integrate them with sustainability 
objectives under a streamlined procedure. This provides the 
foundation for the development of a decision support 
model to evaluate costs associated with sustainability 
measures in highway projects. Future studies may also 
consider the inherent links between costs and risks for 
more tangible predictions on the gains as well as the 
commitments of pursuing sustainability in highway 
infrastructure. 
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